Akt is a serine/threonine protein kinase that has a central role in sustaining cell survival and growth in health and disease. In this study we aimed to uncover the best inhibitor, among the commercially available ones, for targeting Akt by predicting their specificity and potency using docking software AutoDock Vina. Our data revealed that the studied inhibitors had different energy requirements to perform successful docking with Akt, as Akti-1/2 inhibitor showed first highest docking score with -15.2 kcal/mol and GSK 690693 inhibitor showed second highest docking sores with -10.0 kcal/mol. However, Perifosine showed the lowest docking scores with -7.5 kcal/mol. Interaction studies also confirmed that Akti-1/2, the inhibitor with the highest docking score, have been seen to build hydrogen bonds, build electrostatic and hydrophobic interactions and conquer the affinity of the most favorable binding pockets when bound with Akt. Due to their specific binding and potency, we recommend Akti-1/2 and GSK 690693 as the first and second best inhibitors for targeting Akt, respectively. Further in vitro and in vivo studies are required to confirm these results.
Introduction
Akt is a serine/threonine protein kinase that plays a key role in regulation of several cellular signaling pathways. It is also known as protein kinase B (PKB) and considered as the main downstream target and the central node of the Phosphoinositide 3-kinase (PI3K) signaling cascade, which is in turn involved in cell growth, metabolism, proliferation, invasion, metastasis and angiogenesis (Brazil and Hemmings, 2001 (Riggio et al., 2017) . From what was mentioned earlier, Akt represents an attractive target to eliminate cancer cell growth and metastasis. Since there are many inhibitors that can totally or partially inhibit Akt and then investigating each inhibitor will be both time consuming and expensive, thus software analysis may help to reduce the list of the available inhibitors. This can be accomplished by predicting their efficacy using computer software, which may be more beneficial in terms of improving the survival of more cancer patients by reaching an efficient combination for their treatment. In this study we tried to uncover the most potent and specific inhibitor from the commercially available ones to target Akt protein kinase using docking software AutoDock Vina.
Materials and Methods

Preparation of Akt and inhibitors
The crystal structures of Akt (PDB-ID: 3O96) were obtained from the RCSB Protein Data Bank (PDB) (http://www.rcsb.org) (Berman, 2000) . Akt was separately prepared as a receptor and the inhibitors were also separately prepared as ligands using Discovery Studio 4.1 software (http://accerys.com) (Dassault Systèmes, 2016 used to prepare protein structures for molecular docking and polar hydrogens were added to these structures and saved in (PDBQT) file format (MGLTools, 2017).
In present study, a total of 9 Akt inhibitors were investigated ( 
AutoDock Vina
The docking site for the inhibitors on Akt was defined by establishing a cube that involved manipulating a colored box (x, y, z) into that area, which included a docking stage. The volume of this box is flexible and can be changed as required, but at the same time increasing its volume will cause exponential increase in computational time. In our docking experiments, we used 24 × 24 × 24 Å dimensions to cover the inhibitor binding site with a grid point spacing of 1.0 Å and center grid boxes of 8.2, -7.4 and 11 in X, Y and Z dimensions, respectively. Once the docking area has been defined, the coordinates of the grid box was written in a configuration file, a text document file, which was required to feed the AutoDock Vina 1.1.2 (Trott and Olson, 2010). The configuration file also specified the inhibitor (ligand) molecule, the Akt (receptor) to dock into and the exhaustiveness of the search which can be set between 1 and 8 (where 1 is the least and 8 is the most exhaustive search) (Trott and Olson, 2010) . AutoDock Vina was run on the Windows 8.1 operating system with 4 CPUs and all Akt inhibitors were docked into the Akt three times.
Results
After generating a successful docking protocol, all Akt inhibitors were well docked into Akt proteins through Akt active site. Our results revealed that Akt inhibitors witnessed different affinities toward Akt protein, as they showed the following docking scores: Akti-1/2 (-15.2 kcal/mol), GSK 690693 (-10.0 kcal/mol), SC 66 (-9.7 kcal/mol), FPA 124 (-9.4 kcal/mol), 10-DEBC hydrochloride (9.2 kcal/mol), API-1 (-8.6 kcal/mol), API-2 (-8.6 kcal/mol), PHT 427 (-8.4 kcal/mol) and Perifosine (-7.5 kcal/mol) ( Table 2 ). Akti-1/2 inhibitor which showed highest docking score formed: hydrogen bond, electrostatic and hydrophobic interactions and conquered the affinity of the most favorable binding pockets as well. Hydrogen bond interactions were with residues: Asn54, Ser205 and Lys268, electrostatic interactions were with: Arg273 acadj@garmian.edu.krd (December, 2018) DOI: 10.24271/garmian.610
and Asp292 and hydrophobic interactions were with: Trp80, Ile84, Arg86, Leu210, Leu264, Lys268, Val270 and Arg273 (Figure 2) . GSK 690693 inhibitor which showed second highest docking score formed: hydrogen bond, unfavorable non-bond and hydrophobic interactions. Hydrogen bond interactions were with residues: Ser205 and Thr211. Unfavorable non-bond H-donor were with Asn53 and H-acceptor with Asn54. Hydrophobic interactions were with Trp80, Leu264, Val270 and Tyr272 (Figure 3 ).
Discussion
Docking studies predicted the interactions of examined inhibitors with Akt residues involved in this complex. In these interactions the most important requirements were a proper orientation and conformation fitting between the Akt binding site and the formed protein-ligand complex. Thus optimal interactions and the best Autodock Vina scores were used as criteria to understand the best conformation output among the 9 studied inhibitors. Docking results generated by AutoDock Vina program also helped in understanding possible docking interactions of inhibitors with Akt. Among the top-ranked modes between the studied inhibitors and Akt binding sites, Akti-1/2 provided gave maximum docking energy in negative (-ve), which was -15.2 kcal/mol and accordingly it was found to be the best selective Akt inhibitor among the recommended ones (Table 2 and Figure 2 ). The second docking scores showed in GSK 690693 inhibitor which provided -10.0 kcal/mol, thus it was found to be the second best selective inhibitor for Akt among the recommended ones (Table 2 and Figure 3 ).
Conclusions
Among all of the studied Akt inhibitors, Akti-1/2 and GSK 690693 were the first and second best inhibitors for targeting Akt protein kinase, respectively. Beside electrostatic (only for Akt-1/2) and hydrophobic interactions that took place in Akt binding pockets, both inhibitors interacted with Akt by building hydrogen bonds with binding pocket residues. Conducting Molecular Dynamic Simulations is necessary to have a better understanding for dynamic behaviors and stability of predicted complexes. In vitro and in vivo investigations and proteomic profiling are required to uncover the impact of these inhibitors on living cells and their fate within living system. acadj@garmian.edu.krd (December, 2018) DOI: 10.24271/garmian.610 
